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Impact analysis of a manipulator using FEM
* Yoshiaki MORIYA, Naoya HIROTA, Graduate School, Univ. of Tsukuba
Daigoro ISOBE, Univ. of Tsukuba

Abstract —In case of a manipulator operating at a high speed, a consideration of the performance of a drive
system such as an actuator is very important. However, the shock wave generated in the mechanism also be-
comes an important problem to prevent the destruction of itself. In this paper, a scheme for analyzing the
shock wave generated in a manipulator is developed by using the Finite Element Method (FEM). In order to
check the validity of the scheme, some impact analyses are carried out on a simple model. Then the shock
wave in a manipulator, which actively deforms its form, is analyzed.
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Fig.3 Finite element analysis of a rotating manipulator

Table.1 Parameter of a link member

Parameter Value
Length: Lm] 0.40
Sectional area: A[m?] 1.92x107*
Mass: M[kg] 0.108
Young’s modulus: E[N/m?] | 6.90x10"
Moment of inertia:I[m*] 1.64x107°
1.5 1.5
z z
E 1 E 1
E 2
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0 0
oy T s 2 oy T s 2
Time[s] Time[s]
(a) Normal force by FEM (b) Centrifugal force

Fig.4 Time histories of normal force obtained by FEM
and centrifugal force
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Fig.5 Finite element analysis of a manipulator under

step load
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Fig.6 Time histories of normal force
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Fig.7 Finite element analysis of a manipulator in contact
with a wall
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(a) Base element (b) Tip element
Fig.8 Time histories of normal force (Vx=0.0[m/s])
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Fig.9 Time histories of normal force (Vx=-0.015[m/s])
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Fig.10 General outline of the shock wave
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